Accelerators Controls Experience

1. Background - Cooperation with DESY-FLASH/XFEL and ESS
1.1. Controls @FLASH/XFEL and DMCS participation
1.2. Controls @ESS and DMCS participation

Best practice in design and implementation?

Lesson learned with respect to controls ?

Controls migration experience ?

What requirements did you get/not get (and should have) for

previous controls projects?

What languages and frameworks have you used for writing user

applications?

7. qit repository structure: what products have you used; what are
their differences?

8. experience with uTCA
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DESY controls and DMCS

e DESY is using different hardware platforms for various applications,

e RF/LLRF systems mainly based nowadays on MTCA.4 standard,

e DESY initiated (together partners) MTCA .4 efforts and is involved in
standard development and popularization,

e successful migrations between different technologies VME (DSP) ->
VME (FPGA - Simcon) ->(ATCA)->MTCA.4 (current implementation),

e for software: DOOCS is used as a leading CS framework (but also TINE
and EPICS are used in dfferent subsystems)
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DESY controls and DMCS

e DMCS have been involved in LLRF system HW dev. since early 2000,

e Co-design FPGA based HW platforms for controller realization,
@@ e co-design VME form-factor and ATCA (transition state) then MTCA.4
o modules (together with ISE-WUT)
e participated in FW/SW development from controller algorithm
implementation, device drivers and user applications preparation up to
the GUI design.

Department of Microelectronics and Computer Science
ul. Wélczanska 221/223 90-924 £.6dz, tel: 42 631-27-27 fax: 42 636-03-27
mail: secretary@dmcs.p.lodz.pl http://www.dmcs.pl 3




ESS controls and DMCS

e ESS has chosen MTCA.4 architecture =~ e Base for control system - EPICS,
as a leading hardware platform for: e dedicated ESS EPICS
o RF/LLRF, Environment (E3) framework for
Beam instrumentation, |OC management documentation

O
o timing, and deployment.
o others.

RxTry

A layered control system e

Human Users .
Engineers, Operators, 0
Scientists, Technicians, ... III] m
display ESS facility data, ESS Main Control Room Experiment workstations Other Human Operations Facilities
Applicati t task execution — = — -
C = i
illcatione 7 (7 [0
GUIs for data analysis, b | § -
Config.

processing and archive services,
system configuration, ... 1

"s“m |Equipmet| | Phy

send/receive - —
ESS facility dalar 5 R | EPICS (Ethernet)
Facility Integration eq - . = ' ]
runtime & historical data, EPIFS EPICS 7 ] EPICS
complex control functions, oc 1oc loc 0 Archive i
configuration databases EVG, Master ] ) - p— - - . Timing System
Oscillator
system specific = Machine Protection: Beam Interlock System
data exchange
Local System Control

high dependability, MicroTCA MicroTCA
executes local control functions PLC System System

Personnel Safety System
Ethernet fieldbus

- local control,
run-time data

Signal Conditioning (a/d i Device signals
g g ( ) Remote Controller Device Device Contiallar Relr/ngte Re'r;ioote

Equipment Electronics 170 Electronics Electronics
device specific
% z signals
Physical Equipment

machinery, sensors, actuators Pump Flowmeter Motor Sensor Chopper PS Switch Sensor Sensor

I measure and adjust

Physical Processes H,0 Flow [ Hariow | Hlm (((n:))) PBton  Neliton ; @ o

Temp Electricity

Department of Microelectronics and Computer Science -H. Carling ICS-ESS
ul. Wolczariska 221/223 90-924 £.6d2, tel: 42 631-27-27 fax: 42 636-03-27 source. 1. Laring
mail: secretary@dmcs.p.lodz.pl http://www.dmcs.pl 4




ESS controls and DMCS

e DMCS involved in LLRF system co-design, integration, testing and delivery as a
part of PEG (Polish Electronic Group) together with WUT and NCBJ,

e PEG delivers Polish in-kind to ESS project,

e DMCS designed and delivering MTCA.4 module for piezo driver operation for

\"”

spoke and elliptical cavities,

e |Implements protection algorithms for icBLMa and nBLM systems (for nBLM:
firmware, for icBLM: firmware, EPICS I0C, Phoebus GUIs)

e Integrates RTMCarrier AMC module (by NCBJ) used for piezo driver and
LocalOscillator (WUT) management and operation - functional FW, system driver,
|OC module and GUIs included,

e provides integration of the IPMI functionality in E3 environment (using openlPMI
library,

e others
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Best practice in design and implementation

e code and hardware review should be controlled by project masters
(code review),

e use known firmware framework and use off-the-shelf/vendor provided
modules, libraries and IPs,

e integrate Cl wherever you can,

e Kkeep design and implementation core team consistent - to many
rotations can lead to “vision” changes and constant systems
requirements changes,

e plan ahead required functionality placement (firmware - HW level,
middle layer - still RT or fast, user application slow control). This will
allow to plan better for HW design,

e always leave HW resources overhead for functionality improvements,

e hardware You use for design is already “old” for operation phase.
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Controls migration experience

e Usage of standard frameworks (such as AX| on FW level) makes it easy to
migrate,
Migration between FPGA families from one vendor is easy

e Migration to the systems with the same type of interface (PCle, ETH) easy.

Since we were not using well known FW framework or frameworks had one
project life time, it was not easy in our case - even if systems are using the
common hardware.

In most cases architecture of FW is independent (even for different projects within
same institute).

Example: DESY LLRF -> ESS LLRF -> ESS BLMs.
Almost same HW 3 different FW frameworks

Department of Microelectronics and Computer Science
ul. Wélczanska 221/223 90-924 £.6dz, tel: 42 631-27-27 fax: 42 636-03-27
mail: secretary@dmcs.p.lodz.pl http://www.dmcs.pl




What languages and frameworks have you
used for writing user applications

Languages:
e VHDL (FPGA Level)
e \Verilog (FPGA Level)

C (embedded and control system)
e C++ (control system and FPGA Level - HLS, drivers, user applications),

Python (UA prototyping)
Matlab/SciLab/Octave (not a language - user application prototyping and
evaluation)

Frameworks (we rather used custom solutions):
e €3 (Epics at ESS)
e AXl based FW framework

Many other tools and libraries.....
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What requirements did you get/not get (and
should have) for previous controls projects

e various experience concerning requirements definition and review,
e “no initial specification” approach possible for system design/implementation - but
lengthy (and costly),
e functional (and some non-functional) requirements management and reviews are
essential for successful system implementation and integration - especially in
case of in-kind collaboration work model,
e some non-functional requirements can be specified early and save extensive
integration costs later,
like eq. general:
o compliance with given ISO or ANSI standards,
o CE marking,

or project specific:
e deployment strategy/policy,
e naming conventions,
e FW/SW/GUI development guidelines/standards,
o efc
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git repository structure: what products have
you used; what are their differences

GIT
e independent projects for functional parts
e shared libraries moved to separate repos and included as submodules
e Makefile flow

Tools (GIT “frontends”, which simplify collaboration)
e GitLab (see picture on next slide)
o user friendly interface - please upload your profile picture ;)
o “llike this commit! &2 *
o Comments to the code, but general code review seems not to be clear
e Gerrit (see picture on next slide)
o developed by Google for internal purpose
o raw techie interface
o code review mechanics

ESS is also using cloud hosting for open source projects on GitHub
(GitLab-like system) and BitBucket (Atlassian product)
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git repository structure: what products have
you used; what are their differences

N e I} O] & gitlab.com

4 Gitlab Projects v  Groups  Activity  Milestones ., This project
stateu-grav- Paul Hibbitts > stateu-grav-skeleto. > Details
g & skeleton-open-
| rir/ S publishing-space-
site
£ Overview S
Details stateu-grav-skeleton-open-publishing-space-site e
Activity
7r Star 0 Y Fork 0 HTTPS ~ https://gitlab.com/paulhibbi ® L v + - A Global ~

Cycle Analytics

Copy URL to clipboard

B Repository Files (983 KB) Commits (7) Branch (1) Tags (0) Readme Add Changelog Add License Add Contribution guide Setup Ci

] Registry

master stateu-grav-skeleton-open-publishing-space-site History Q Findfile & ~

) issues 0

e Update default.md 51051650 B
1 Merge Requests Paul Hibbitts committed 2 months ago
® c/co

Name Last commit Last update
M wiki

W pages Update default.md 2 months ago
& Snippets

[¥) README.md Add readme.md 2 months ago

£ Settings

£ Collapse sidebar
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git repository structure: what products have
you used; what are their differences

Al My Projects People Plugins Documentation Search term Changes 4 m Mark Dappollone ~
List  General Branches Tags Access Dashboards  Create New Project
Change 364 - Merged Reply... Included in ¥ Patch Sets (2/2) ¥ Download ¥
_‘ 1’ T r r Add functionality to allow presenters to notify about component changes quer Mark Dappollone Related Changes (11)
Change-Id: I0763£058683b269aa9e2d371£2b324c0cdebdbs2 Reviewers Erio Schrag Mark Dappolione & = etdotaut presenters have ctor args .
Project recyclerview-mvp 5e ) Bump version to 0.5 03
Branch  master .53 Issue #7: templatize ScreenPresenter .
Topic [ Cleanup sample app .
Updated 1 year, 4 months ago Add functionality to allow presenters to notify about compo...
Cherry Pick Revert Animate component adapter in the sample app .
|» Add functionality to allow presenters to notify about compo... e
Add functi ity to add/remove multiple components .
Code-Review +2 Eric Schrag Add sample code to illustrate staggered loading .
Verified +1 Mark Dappolione Add refresh() functionality .
Make ComponentAdapter more robust for adding/removing... e
Author Mark D: e <mark_ e @comcast.com> Jun 6, 2017 10:53 AM
Committer  Mark Dappollone <mark_dappollone @ comcast.com> Jun 6, 2017 11:12 AM
Commit 0355a06fd83b83f49d50310ecef2c0e35078592d
Parent(s) 88513e0340d503fd6cb7f4a6053437bcffacd56
Change-ld  10763f( d371f2b324cC
Files Open All  Diff against: Base 3
File Path Comments Size
Commit Message
~| app in/j finity/rmvp_sample/MainActivity.kt 15 L |
app/src/mainfjava/com/xfinity/rmvp_sample/mvp/presenter/MainPresenter.kt 12 |
"~ app/src/mainfjava/com/xfinity/rmvp_sample/mvp/iview/MainView.kt 1 ]
librar infj finity/rmvpivi Wiew.kt 2 1
library/src/main/java/com/xfinity/rmvp/view/ScreenViewDelegate .kt 8 |
+32, -6 -
History Expand All
Mark Dappollone Uploaded patch set 1. Jun 6, 2017
Eric Schrag Patch Set 1: Code-Review+2 Jun 6, 2017
Mark Dappollone Uploaded patch set 2 Jun 6, 2017
Eric Schrag Patch Set 2: Code-Review+2 This might be a good place or time to use DiffUtil for calculating and dispatching overall changes? Or we can just put it o... Jun7,2017
Mark Dappollone Patch Set 2: Verified+1 Jun7,2017
Mark Dappollone Change has been successfully merged by Mark Dappollone Jun7,2017

Gerrit Code Review
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Experience with uTCA

Places: DESY, ESS
Around 10 years experience with MTCA standards,
e Experience in the AMC, RTM modules design and production for LLRF and other
systems,
gxT i e Experience in the FW as well as driver and software (DOOCS/EPICS)
development, implementation and deployment,
e Pros:
o growing standard originating from the telecom industry (ATCA) - promising lifetime,
o fast growing vendors community that can provide COTS solutions for majority of
implementation,
o by definition integrates technologies like Ethernet, PCle, IPMI and others for fast data
transfer inside the crate and intelligent system management.
e Cons:
o interoperability between different vendors components not always straightforward,
o entry cost for small installations may be an issue,
o specialized state-of-the-art solutions may need to be designed in-house (but then can
be licensed and commercialized),
o PCle problems under investigation.
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Thank You
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